Unusual clinical course Background:
Background
It is estimated that more than 10 million cases of tuberculosis are diagnosed and about 1.8 million deaths due to tuberculosis occur every year [1, 2] . Rifampin is one of the most important drugs used in tuberculosis treatment [2] [3] [4] . Rifampin is a strong inducer of several drug-metabolizing enzymes, both in the liver and in the small intestine [2, 5] .
Oxycodone is a semisynthetic opioid receptor agonist, and is widely used in the treatment of pain [6] . Oxycodone is primarily metabolized in the liver by cytochrome P450 (CYP) enzymes. CYP3A-mediated N-demethylation of oxycodone to noroxycodone accounts for the majority of oxycodone metabolism. CYP3A is inducted by rifampin, which may decrease the analgesic effect of oxycodone [2, 7] . CYP3A mediates N-demethylation of oxycodone to noroxycodone, accounting for 80% of oxycodone metabolites. CYP2D6 catalyses the O-demethylation of oxymorphone, accounting for 10% of metabolites [8, 9] . Both noroxycodone and oxymorphone are then metabolized to noroxymorphone by CYP3A and CYP2D6, respectively [2, 9, 10] . Oxycodone itself is responsible for the analgesic effects on the central opioid receptor [2, 10] . Through the induction of CYP3A activity, Rifampin is reported to decrease the area under the oral oxycodone concentration-time curve by 86%. Consequently, the oral bioavailability of oxycodone is decreased from 69% to 21% [2] .
Osteosarcoma is an aggressive primary bone tumor of childhood and adolescence with metastatic potential, primarily to the lungs [11] . There is a slight male predominance, with 5.4 and 4.0 diagnoses per million males and females, respectively, made each year in the global incidence [12] . The long bones are more commonly affected than the axial skeleton, including the pelvis (80% and 20%, respectively) [13] . Among the long bones, the femur (40%), tibia (20%), and humerus (10%) are most frequently affected [14] . The current standard treatment protocol for osteosarcoma without distant metastases is surgery plus a multi-drug chemotherapy regimen consisting of cisplatin, doxorubicin, and high-dose methotrexate [15] . Adjuvant chemotherapy is administered with the purpose of eliminating primary tumor cells and micrometastatic cells [12] . The prognosis for osteosarcoma patients without metastasis has improved to about 70% long-term disease-free survival [15, 16] .
In this case report, we describe oxycodone resistance due to rifampin treatment of tuberculosis in a patient with osteosarcoma, who had intractable pain due to brachial plexus invasion of a metastatic lesion. The increased survival rate of sarcoma patients, as well as the immunosuppressive effects of chemotherapy, may theoretically increase their risk of tuberculosis. It is well known that rifampin interferes with the metabolism of many drugs; however, few case studies have addressed the interaction between rifampin and oxycodone.
Case Report
A 30-year-old man noticed right knee pain during the previous 4 months. The pain had increased gradually and worsened during weight-bearing. On physical examination at the initial assessment, the medial distal thigh was swollen, with tenderness. The range of motion in the knee joint was restricted due to the occurrence of pain at deep flexion. The patient's general condition was good, and no fever was observed. Plain radiographs of the distal femur demonstrated an osteolytic lesion ( Figure 1A ). MRI revealed a clearly defined tumor expanding to the soft tissue ( Figure 1A) . A needle biopsy was performed. Histologic analysis indicated proliferation of osteoclast-like multinuclear giant cells with mononuclear short spindle or oval cells. The tumor cells showed some atypical features, including enlarged hyperchromatic nuclei, and were arranged in a sheet-like fashion with foci of lace-like osteoid. Based upon these findings, giant cell-rich osteosarcoma was suggested ( Figure 1B) . Following the diagnosis of osteosarcoma, the patient received preoperative multi-drug chemotherapy consisting of doxorubicin (60 mg/m 2 ) and cisplatin (120 mg/m 2 ). After 1 cycle of chemotherapy, the patient underwent tumor resection with artificial joint replacement ( Figure 1C ). The surgical procedure was selected prior to preoperative chemotherapy because the entire lesion was osteolytic (not a typical finding of osteosarcoma), which increased the risk of pathological fracture. The resected material confirmed the diagnosis of osteosarcoma. After surgery, postoperative chemotherapy with doxorubicin and cisplatin was administered. After 3 cycles of this regimen, routine chest computed tomography (CT) (conducted every 3 months) revealed multiple metastases in the lung. On the judgement that the patient was refractory to the current chemotherapy regimen, a regimen including ifosfamide was administered: doxorubicin (30 mg/m 2 ) and ifosfamide (4 g/m 2 ). After 3 cycles of this regimen, the metastatic lesions in the lung increased in size, so another chemotherapy regimen with gemcitabine (1400 mg/m 2 ) and docetaxel (80 mg/m 2 ) was administered every 4 to 5 weeks.
After 9 cycles of the gemcitabine and docetaxel regimen, routine CT revealed that in addition to the metastatic lesions, small, scattered nodular lesions in the lung, which had not been seen on prior CT images, were present (Figure 2A) . The small nodular lesions were determined to be tuberculosis, as confirmed by sputum culture. The patient had no fever and no respiratory symptoms, such as coughing, before the tuberculosis diagnosis. When tuberculosis was diagnosed, the patient had received total chemotherapy doses of doxorubicin 330 mg/m . Tuberculosis treatment was prioritized over treatment of osteosarcoma at an institute that specializes in tuberculosis, because the growth of the metastatic lesions was slow. Tuberculosis treatment was initiated with an oral multi-drug combination of isoniazid 300 mg, rifampin 600 mg, ethambutol 750 mg, and pyrazinamide 1200 g for 2 months. After 2 months, the antibiotic regimen was continued without pyrazinamide.
After sputum culture was determined to be negative, chemotherapy for osteosarcoma was restarted at another institution due to the convenience of the location. The patient received chemotherapy with gemcitabine (1800 mg/m 2 ) and docetaxel (80 mg/m 2 ) every 4 weeks. During this period, the metastatic lung lesion increased in size, extending to the brachial plexus and causing worsening pain ( Figure 2B, 2C) . The pain was partially controlled with oxycodone 1120 mg (equivalent morphine dose 1700 mg). Due to the high dose of oxycodone required, we considered the possibility of oxycodone resistance due to rifampin-induced CYP3A activity. Oxycodone was thus replaced with morphine. We found that 480 mg of morphine, about one-third the equivalent oxycodone dose, was adequate to control the patient's pain. After 6 cycles of gemcitabine and docetaxel chemotherapy, general fatigue occurred, and the patient could not continue chemotherapy. Four months later, which was 2 years 11 months after the initial visit, the patient died of dyspnea due to spread of the lung lesions.
Discussion
Osteosarcoma is a highly aggressive bone tumor that metastasizes primarily to the lung [11] . In the current case, an upper-lobe metastatic lesion in an osteosarcoma patient extended to the brachial plexus and caused severe pain. Invasion to the brachial plexus in patients with lung cancer or breast cancer is known to cause intractable pain [17, 18] . Brachial plexus pain due to cancer invasion can be resistant to treatment with oral non-steroidal anti-inflammatory drugs (NSAIDs), steroids, oral opioids, and even intrathecal opioids [19] . Therefore, high doses of opioids are often necessary to treat severe brachial plexus pain due to cancer invasion.
The increased survival rate of sarcoma patients, as well as the immunosuppressive effects of chemotherapy, may increase their risk of tuberculosis. In the present case, the osteosarcoma A B C patient also suffered from tuberculosis, and tuberculosis treatment was prioritized over treatment of metastatic lesions. This decision was supported by data showing that tuberculosis worsens in lung cancer patients during chemotherapy [20] . In one study, 9 of 904 lung cancer patients developed tuberculosis (1%); tuberculosis occurred within 2 years of lung cancer diagnosis in all 9 patients, and tuberculosis was diagnosed in 3 of 9 cases (33.3%) during chemotherapy [21] . The development of active tuberculosis likely occurred due to the deterioration of both local and systemic immune defenses caused by both the chemotherapeutic agents and the cancer [20, 21] . In the current case, the slow growth of the metastatic lesions was also a reason for prioritization of tuberculosis treatment.
In cases with rapid growth of neoplastic lesions, chemotherapy for the cancer might be prioritized. In a previous report, simultaneous treatment of both tuberculosis and nasopharyngeal carcinoma was performed [22] .
Our patient demonstrated oxycodone resistance due to rifampin, as demonstrated by the ability to control his pain with a lower equivalent dose of morphine. CYP3A is inducted by rifampin, resulting in the increased metabolism of many drugs, including oxycodone [2, 7] . Other drugs used to treat tuberculosis, namely isoniazid and ethambutol, have not been reported to induce CYP3A activity. In addition to activating CYP3A, rifampin is also known to induce P-glycoprotein, a membrane efflux transporter found in the intestinal wall and brain capillary endothelium [2, 23] . However, the role of P-glycoprotein in the pharmacokinetics of oxycodone seems to be of minor importance [24] .
Conclusions
We have presented a case of osteosarcoma with lung metastasis invading the brachial plexus in a patient being treated for tuberculosis. Our patient experienced oxycodone resistance due to rifampin. Immunosuppressive effects of chemotherapy may increase the risk of tuberculosis in such patients.
Recognizing the association between rifampin and oxycodone is also important in other cancers. Notably, in similar patients receiving high doses of oxycodone for treatment of severe pain, stopping rifampin may lead to oxycodone overdose.
